The present study was carried out in the Jammu region of Jammu and Kashmir state with special emphasis on selected districts viz., Doda, Kishtwar and Rambam, as these regions had the highest area and production under apple crop. Both primary as well as secondary data has been used as per requirements of the study. A multistage sampling technique had been used for the present study. To study the functional relationship between yield of apple and the selected independent variables, Cobb Douglas type of production function in log linear form had been fitted to the collected data for marginal farms, small farms, medium farms and on all the farms put together. The analysis had shown that the co-efficient of determination (R 2 ) indicated that 68.3 per cent, 71.2 per cent, 73.7 per cent and 75.5 per cent of the variations in the output of apple had been explained by the six independent variables included in the production function for the marginal, for the Small, for the medium and for the overall sample apple growers respectively. The analysis had also revealed that the sum of the production elasticities for the marginal farmers was 1.403, for the small farmers was 1.57, for the medium farmers was 2.53 and for all sample farmers put together it was 1.989 which showed operation of increasing return to for all categories of apple farmers. Increasing trend in returns to scale of apple suggested the planners to plan strategies for long run so as to safeguard the interest of apple growers involved in the production process.
Apples in India are mainly grown in three mountainous states of North India viz. Jammu and Kashmir, Himachal Pradesh and Uttaranchal at an altitude of 4000 to 11000 feet. Jammu and Kashmir and Himachal Pradesh have roughly equal area planted to apple, but J&K has the highest average yield and accounts 67 per cent of total apple production. Jammu and Kashmir State being endowed with the natural advantage of topography, climate and enormous diversity of agro-climatic niches has immense scope for horticultural development. The apple cultivation in Jammu and Kashmir is an old age activity and originally around 200 varieties of apple used to be cultivated in the state. Reports indicate a productivity of 13.07 metric tonnes per hectare in Kashmir which is the highest in India and is comparable to China. The horticulture sector in the state contributed ` 5000 crores towards state gross domestic product during 2013-14 of which apple alone accounted for about ` 4000 crores (Naqash, 2017) .
The various fruits are grown in India and are exported to different countries in the world. However, apple production is the most prominent one in India. In India apples are grown as a commercial crop in the hilly areas. The apple fruit grows especially in the state of J&K. Apple production is one of the important sources of revenue for the economy in J&K. Apple cultivation in J&K is fast expanding because apple has a comparative advantage over the other crops that can be grown in hilly regions (Bhat and Choure, 2014) . Jammu and Kashmir is the major producer Print ISSN : 0424- 2513 Online of apple and walnuts in India, 77 per cent of apple and 90 per cent of walnut production in India belongs to Jammu and Kashmir and percentage share of state in India's total production is showing an increasing trend, so much so that the state has been declared as the "Agri. Export zone for Apples and Walnuts" (Rather et al. 2013) . There are around 7 lakh families comprising of about 33 lakh people which are directly or indirectly associated with horticulture. Horticulture development is one of the thrust area and a number of programmes have been implemented in the past, resulting in the generation of higher incomes in the rural areas, thereby improving the quality of life in villages (Islam and Shrivastava, 2017) .
MATERIAL AND METHODS
The present study was carried out in the Jammu region of Jammu and Kashmir state with special emphasis on selected districts viz., Doda, Kishtwar and Rambam, as these regions had the highest area and production under apple crop. These regions fall under Chenab Valley, which are mostly hilly terrain. Chenab Valley lies between the middle and outer Himalayan range in the Jammu region of Jammu and Kashmir, India. Besides that, these three districts have amicable temperature for apple cultivation. Both primary as well as secondary data has been used as per requirements of the study. A multistage sampling technique had been used for the present study.
In order to study relationship between output and various input used, Cobb Douglas production was used. This Function is used extensively in agricultural Production function analysis. The functional form applies is given as under:
Where Y and X i ( i = 1,2,3,……,n) are the output and levels of inputs. The constant α and β i 's (i = 1,2,3,……,6) represent the efficiency parameters and the production elasticities of the respective input variables for the given population at a particular period, t. U = Error term (Assumed to be normally distributed with constant variance and zero mean) β 1 , β 2 , β 3 ,…, β 6 are the parameters to be estimated α = Regression constant.
On taking log transformation, above function can be transformed to a linear form as:
Log y = log α + β l log x 1 + β 2 log x 2 + β 3 log x 3 + β 4 log x 4 + β 5 log x 5 + β 6 log x 6 + log u
Using ordinary least square technique, the fitted Cobb-Douglas Production may be written for the present case with six input variables as:
Where, y = Estimated Output (quintals per acre)
x 1 = Human Labour (man days per acre)
x 2 = Manures and Fertilizers (` per acre)
x 3 = Expenditure on training and pruning (` per acre)
x 4 = Cost of Plant protection measures (` per acre)
x 5 = Cost of irrigation (` per acre)
x 6 = No. of apple trees per acre
The Marginal Value Productivity of the resources and the costs of those resources would give us an indication about the reallocation of the resources to maximize the returns. The optimization principle in respect of resource allocation will suggest that the application of a resource should be increased till the Marginal Value Product (MVP) of a factor will be equal to its marginal cost.
In the present study, the marginal value product of the inputs x 1 , x 2 , x 3 …….,x 6 was calculated by using the following formula:
Where, 
RESULTS AND DISCUSSION

Resource use efficiency
To study the functional relationship between yield of apple and the selected independent variables, Cobb Douglas type of production function in log linear form had been fitted to the collected data for marginal farms, small farms, medium farms and on all the farms put together. For analysing the resource use efficiency of various factors, gross product has been taken as dependent variable with labour, manures and fertilizers, PPC, irrigation, training and pruning and number of apple trees as the independent variables. The choice of the best equation was made on the basis of R 2 explained and the relevance of the expected sign of coefficients. The marginal value productivity (MVP) of the resources used was worked out with the help of regression coefficients obtained. MVP of a particular resource represents the expected addition to the gross return caused by the additional one unit of the resource input while the other inputs are held constant.
Resource use efficiency in marginal farms
It could be observed from the Table 1 that with regard to marginal farmers, the coefficient of determination (R 2 ) value was found to be .68 which had indicated that 68 per cent of the variations in the output had been explained by the six explanatory variables included in the model. The value of R 2 was reasonably high given the obvious fact that there are other explanatory variables such as climate changes, experience of farmers and the managerial abilities of farmers etc. The F-test had shown that the estimated Cobb Douglas type of production function was statistically significant at the one per cent level, implying that all the inputs used in apple production by marginal farmers jointly contribute to the yield of apple. The regression constant had a positive value and it was statistically found to be significant at one per cent level, revealing that the error of approximation of the functional form was significant.
The functional analysis for apple production revealed that PPC, training and pruning and number of apple trees were positively significant at one per cent level. It could be inferred that a one per cent increase in the value of these variables keeping all other factors constant would increase the yield by 0.263 per cent, 0.364 per cent and 0.886 per cent, respectively from their mean level. The elasticity coefficient for the variable cost of irrigation was found to be .103 which had indicated that by increasing the expenditure on irrigation by one per cent, there would be an increase in the yield of apple by 0.103 per cent, Ceteris Paribus. The table 4.22 further revealed that the elasticity coefficient for manures and fertilizers worked out to be -.192 indicating negative relationship with the yield and was significant at 5 per cent level indicated that one per cent increase in the value of manures and fertilizers could decrease the yield by 0.192 per cent from its mean level. However, labour turned out to 
Resource use efficiency in small farms
The details of production function estimates estimated had been presented in the Table 2 . The R 2 value was .71 which indicated that 71 per cent of the variations in the yield of small apple farms was explained by the explanatory variables viz included labour, manures and fertilizers, PPC, irrigation, training and pruning and number of apple trees in the model. The F value of 39.44 had shown that the estimated Cobb Douglas type of production function was statistically significant at the one percent level, implying that all the inputs used in apple production by small farmers jointly contribute to the yield of apple. It could also be observed from the table that sum of elasticities coefficients was estimated to be 1.57, which had indicated the operation of the increasing returns to scale on the small farms. Among the independent variables manures and fertilizers, PPC, irrigation, training and pruning and number of apple trees had been found statistically significant. The functional analysis for apple production revealed that manures and fertilizers and training and pruning were positively significant at 5 per cent level indicating that one per cent increase in these variables would increase output by 1.042 per cent and 0.298 per cent, respectively whereas irrigation was positively significant at 10 percent level indicated that one per cent increase in irrigation would increase output by 1.734 per cent. The table also indicated that the regression coefficients of PPC and number of apple trees was found to be negative and production elasticities of the same indicates that one percent increase in PPC and number of apple trees is expected to decrease the yield by -0.321 per cent and -1.365 per cent, respectively indicating negative relationship with the yield and had been found significant at 5 per cent and 10 per cent level, respectively. However labour turned out to be nonsignificant variable with elasticity coefficient -0.131 on small farms. The marginal value productivity of only those resources had been discussed, whose coefficients were found to be influencing the yield of apple production significantly. The MVP of manures and fertilizers, irrigation and training and pruning had been found positive with their values ` 562.40, ` 838.16 and ` 120.82, respectively and a comparison of acquisition costs with their MVP showed that the MVP of manures and fertilizers and irrigation was significantly higher than their acquisition cost, implying that the inputs viz manures + fertilizers and irrigation were sub optimally used and yield of apple can be increased by increasing the level of manures + fertilizers and irrigation. However MVP of training and pruning was less than its price i.e. wage rate, whereas MVP for PPC and number of apple trees had been found negative with their values ` -174.668 and ` -1153.88, respectively, which was significantly lower than its acquisition cost, implying that the PPC and number of apple trees in apple production were in excessive use and a comparison of MVP of the variables suggested that the yield of apple can be increased by decreasing the use of PPC and number of apple trees.
Resource use efficiency in medium farms
Multiple regression analysis of data was done through Cobb Douglas production function which was the best fitted model with highest R 2 (73 per cent). The data in the Table 3 explores the resource use efficiency in apple production on medium farms. The F value (37.13) had shown that the estimated Cobb Douglas type of production function was statistically significant at the one per cent level of probability. The functional analysis for apple production on medium farms indicated that one per cent increase in use of labour, manures + fertilizers is expected to increase the apple production by 0.298 per cent and 0.342 per cent, respectively and had been positively significant at 10 per cent level, whereas PPC and training and pruning was positively significant at 1 per cent level which indicated that one percent increase in PPC and training and pruning could increase 0.164 per cent and 0.232 per cent, respectively. The table further revealed that the inputs such as irrigation and number of apple trees were statistically non-significant variables on marginal farms. The marginal value productivity of labour (` 1000.827) and number of apple trees (` 1394.45) exercised a positive impact on yield and comparison of acquisition cost (price) with its MVP showed that MVP labour and number of apple trees were significantly higher than the acquisition cost, implying that the inputs labour and number of apple trees were sub-optimally used and yield of apple can be increased by increasing the level of same inputs. However, MVP of inputs viz manures + fertilizers, PPC, training and pruning and had been found less that their acquisition cost (price) with their values ` 72.367, ` 124.792, ` 70.518 and, respectively. The nature of elasticity coefficients was positive and was estimated to be 2.53, which had indicated the operation of the increasing returns to scale. 
Resource use efficiency in all farms
Estimates of a Cobb Douglas type of production function are presented in the Table 4 . The results revealed that the model was good fit on the basis of coefficient of determination. Since it could explain 75 per cent of the variations in the output of all farms together (overall). The F value of 54.980 had shown that the fitted Cobb Douglas type of production function was statistically significant at the one percent level of probability. Among the independent variables manures and fertilizers, PPC and training and pruning had been found statistically significant. The functional analysis for apple production revealed that an increase of one per cent in manures and fertilizers, PPC and training and pruning can increase apple production by 0.69 per cent, 0.23 per cent and 0.21 per cent, respectively. It could also be seen from the table that the elasticity coefficient for labour, irrigation and number of apple trees indicated that, an increase in one per cent of these inputs could increase output by 0.002 per cent, 0.009 per cent and 0.835 percent, respectively and had been found statistically nonsignificant. It is evident from the table 4.25 that production elasticities for all inputs were below unity, implying that increasing the respective inputs by one percent would increase apple production by less than one per cent. Conversely, the return to scale parameter was found to be 1.989 which has indicated the operation of the increasing returns to scale on all farms together. Farmers were still operating in irrational Stage I of the production function, where the inputs employed were not efficiently utilized which can be attributed to intercroping pulses, maize and vegetables and not using recommended dosage of fertlizers, manures and PPC to control apple diseases. Similar findings were reported by Ainembabazi et al. (2005) , Gowa et al. (2001) , and Paris and Caputo (2004) , Ogundari and Ojo (2007) and Ntakyo et al. (2013) .
This means that efficient utilisation of inputs through better management options will be key to increasing output in apple production. The marginal value productivity of labour, manures and fertilizers, PPC, irrigation and training and pruning and number of apple trees had been found positive with their values ` 5. 48, ` 122.76, ` 122.36, ` 3.05, ` 54.40 and ` 571.40 respectively. Since all productivities were positive, thus exhibiting the production function property of monotonicity. The inputs with the highest marginal productivities had been number of apple trees followed by manures and fertilizers, PPC, training and pruning, labour and irrigation.
However, the MVP suggested that it was not advisable to increase labour, labour, manures and fertilizers, PPC, irrigation and training and pruning in apple cultivation. This could be due to the fact that it was not cost effective to add more of these inputs because their marginal value product had been below their marginal input costs. Also it can be attributed that some of the trees were still in a growing stage and had not reached peak production, thus depicting low productivity in labour and other variables. This is consistent with previous studies of Bagamba et al. (2007) and Okoboi (2010) which reported low marginal returns to investment in Uganda.
Multicollinearity
Multicollinearity explains the linear relationship among the independent variables of the regression model. Multicollinearity statistics of data as expressed in tolerance and variance inflation factor showed in the Table 5 revealed that the values of tolerance for all explanatory variables viz (X 1 , labour), (X 2 , manures and fertilizers), (X 3 , PPC), (X 4 , irrigation) and (X 5 , training and pruning) and (X 6 , number of apple trees) lied in the range of 0.157 to 0.68 which had been somewhat closer to zero and had implied that there was no serious collinearity among the explanatory variables. On the other hand the values of variance inflating factor were less than 10 ranging between 1.46 to 6.33 indicating that there was no collinearity among all the explanatory variables included in the model. Based on the findings of the study, the following necessary steps could be made for the improvement and development of the apple production in the study area.
Classes at mass scale should be conducted by various horticulture departments and institutions in fruit growing areas, where apple growers should be informed about the latest horticulture technology.
For this purpose demonstration plots should be set up in fruit producing areas. Further, the education with respect to orchard management practices is of pertinent importance and should also be imbued among the farmers.
A rigorous advertisement campaign should be launched to inform growers about the proper use of resources and their relative benefits, the government had to take efforts through the department of horticulture for the efficient use of the resources by the apple growers so that they could maximize their returns.
To meet the present requirement of irrigation all methods of irrigation i.e., ditches, storage ponds and drip irrigation etc. should be developed and extended. Merely by extended application of one particular method of irrigation cannot meet the requirement and demands of irrigation.
CONCLUSION
Apple had been a major cash crop in the study area, despite long years of cultivation apple production and productivity was very low and has been concentrated in fewer pockets of the selected districts. The area coverage is still far below from the available potential. To realize the scope for further increases in the net returns per acre, the resource use efficiency was analysed. The CobbDouglas type of production function was fitted to evaluate the resource productivity and the returns to scale in apple cultivation. The analysis had shown that the co-efficient of determination (R 2 ) indicated that 68.3 per cent, 71.2 per cent, 73.7 per cent and 75.5 per cent of the variations in the output of apple had been explained by the six independent variables included in the production function for the marginal, for the Small, for the medium and for the overall sample apple growers respectively. Among the independent variables, the expenditure on manures and fertilizers, plant protection chemicals and costs on training and pruning had been found to be significant at the five per cent level for overall farmers. The analysis had also revealed that the sum of the production elasticities for the marginal farmers was 1.403, for the small farmers was 1.57, for the medium farmers was 2.53 and for all sample farmers put together it was 1.989 which showed operation of increasing return to for all categories of apple farmers. Increasing trend in returns to scale of apple suggested the planners to plan strategies for long run so as to safeguard the interest of apple growers involved in the production process.
